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ABSTRACT

As a result of previous testing at Frankford Arsenal, it was
decided to conduct more extensive testing of 5,56 mm primers., A
factorially designed experiment was conducted to determine the
effects of these primers on interior ballistics for both ball and tracer
ammunition. The primer mixture, the primer weight, and the con-
ditioning temperature of the ammunition were varied to investigate
their effects, individually and in conjunction with each other, on the
cyclic rate of the M16 rifle, on the action time of the ammunition in
the rifle, and on the velocity of the projectile,

The results of this test show that within the limits tcsted, primer
components did effect ballistic performance, but to a lesser degrce
than external factors such as the rifle used and the conditioning
temperature of the ammunition. In particular, the inherent differ-
ences in cyclic rate performance of the two rifles used in the ball
portion of the test were so great that they masked the effects of
primers on cyclic rate.
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INTRODUCTION

A previous study of the intcraction of 5.56 mm (:omponcnt('sl
showed that primers have a statistically significant effect on the
cyclic rate of the M16 rifle, The same study also suggested an
interdependence of cyclic rate of the rifle, velocity of the ammunition
fired in the rifle, and action time of the ammunition,

Possible optimization of the primer for 5.56 mm ammunition
dictated further investigation of the effects of primers on the bal-
listics of ammunition and on the rate of fire of the rifle. Of primary
concern in this investigation are the effects of primer mixture, pri-
mer pellet weight, conditioning temperature of ammunition, and any
interaction among these three factors on the following parameters:

1. Cyclic rate of the rifle,
2. Action time of ammunition in gun,

3. Velocity of ammunition fired from rifle,

TEST PLAN

Factorial investigation of primer function in 5. 56 mm ammunition
divides itself naturally into two parts: (1) M193 ball cartridges with
WC846 ball propellant; (2) MI196 tracer cartridges with IMR8208M
extruded propellant. Each part of the study involves the same three
primer mixes, two primer pellet weights, and three conditioning
temperatures in all possible combinations.

The six possible combinations of primer mixtures and pellet
weights are identified as S, SS, IC, ICC, IID, and IIDD, Primers
with combinations designated as IC, ICC, IID, and IIDD are from
primer lots used in an interface study ¢ between primers and
propellants, S and SS are composed of standard FA #41 mix.

IM.E. Brown, "Interaction Study of 5. 56 mm Components, "
unpublished Frankford Arsenal report.

2W. H. Squire and M. P, Devine, '"The Interface between Primer and
Propellant, Parts I and 1I," American Ordnance Association Paper,
presented at Frankford Arsenal, 4-5 June 1969,
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The single letters (S, C, D) indicate standard pellet weight and the
double letters (SS, CC, DD) signify reduced pellet weight. The
standard pellet weight for primers is ,410 - , 430 grains; the reduced
pellet weight is . 300 - , 340 grains,

The composition of each primer mix is presented in Table I.

TABLE I,
Primer Composition
Mix (%)

Components T li£ k-]
Normal Lead Styphnate 41 39 37
Barium Nitrate 45 38 32
Aluminum 10 15 7
Tetracene 4 4 4
PETN - 4 5
Antimony Sulfide - - 15

The three conditioning semperatures for ammunition are +140° F,
+70° F, and -40° F.

For use in analysis, the components are numerically coded as
shown in Table II.

TABLE 11,
Factors ldentification
Mixture Pellet Weight Temperature
S 1 Standard 1 +140° F 1
1 2 Light 2 +70° F 2
I 3 -40° F 3

Experimental test samples are composed of all possible combinations
of the three factors and are identified by an ordered triplet in which
the first digit refers to mixture level, the second refers to pellet
weight level, and the third refers to conditioning temperature level,
Thus, we have the following test samples:




e ——

11 121 211 221 311 121
112 122 212 222 312 322
113 123 213 223 313 323

In particular, sample 213 has a primer of mix "I, a standard pellet
weight, and was conditioned at -40° F before firing.

For tracer ammunition where the rifle is un added two level factor,
the fourth digit of each ordered group of numbers designates the level
of the gun. Consequently, the samples are identified as follows:

1111 1211 2111 2211 3111 3211
1112 1212 2112 2212 3112 3212
1121 1221 2121 2221 3121 3221
1122 1222 2122 2222 3122 3222
1131 1231 2131 2231 3131 3231
1132 1232 2132 2232 3132 3232

Charge development to meet the ballistic requirements of Military
Specificationl3 assures practical application of results,

DETAILS OF TEST

Charge Development

The primers choscen for this interaction investigation arc members
of a large group of primers that were used in a primer and propellant
interface study. 2  Table III shows average velocitics and average
maximum pressures of pressure-time curves obtained from the

2w, H. Squire and M, P, Devine, "The Interface between Primer and
Propellant, Parts l and II," American Ordnance Association Paper,
presented at Frankford Arsenal, 4-5 June 1969,

3MIL-C-9963D; Military Specification, Cartridge 5.56mm: Ball,
M193,

MIL-C-6011A; Military Specification, Cartridge 5.56mm: Tracer,
M196,




interface study; Table IV shows thc results of charge development '
for M193 ball rounds and M196 trac'r rounds, '

In the interfacc study, rounds with IIDD primers yielded much 7
higher pcak pressures but only slightly higher vclocities than rounds l
with IID primers when both groups of rounds were loaded with the |
same charge (28,0 grains of WC846 propellants). This phenomenon

was common for most ammunition having primers of type Il mix or

type S mix. In charge development for this investigation, ball rounds .
with type IIDD primers required a lesser charge weight of WC846 !
propellant than those with type IID primers to produce comparative I
? pressures and velocities, |

P

' . Direct comparison of velocities and pressures in the two studies

is not possible, Velocities reported in charge development were '
taken in velocity test barrels and corrected to level of reference

ammunition fircd at the same time, Recorded pressurcs arc copper

pressure taken in pressure test barrels and corrected to level of

reference rounds fired at the same time. On the other hand, in the

interface study both velocities and maximum chamber pressurcs

(from pressure-time curves) are recorded as obtained in a pressure

test barrel,

Note that, in general, the ball rounds using primers with lower
pellet weights requirc a lesser charge weight than those with higher
pellet weights, while tracer rounds with lower peliet weight primcrs
require a greater charge weight., Tracer velocities are lower than
ball velocities since military standards3 call for 3250 + 40 ft/sec for
ball rounds and for 3200 + 40 ft/sec for tracers at 15 ft from the
muzzlc of the gun.

TABLE III. ’
Results from Interface Study

Charge Weight  Average Velocity* Average Maximum
Primer WCB846 in Pressure Chamber Prcessurc
Type (grains) Barrel (ft/sec) from P-T Curves (kpsi) {
IC 28.0 3255 51.8
ICC 28.0 3283 52,4
1D 28.0 3164 47.2 J

I1DD 28.0 3193 57.0 |

*Velocity at 15 feet from muzzle of gun,

3MIL-C-9963D; Military Specification, Cartridge 5.56mm: Ball, M193.
MIL-C-6011A; Military Specification, Cartridge 5.56mm: Tracer,

M196,
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Test Proccedure

The two M16 rifles sclected to conduct the factorial test yiclded
approximately the same cyclic rate for 5. 56 mm ammunition, lot
LCSP462 (ball rounds with IMR8208M propellant).

A high-speed chronograph recorded barrel action time and pro-
jectile time of flight over a premcasured base line for the individual
rounds fired in 20 round bursts, The chronograph count for action
time was initiated by the contact of a hammer spring with a ball
plunger and terminated by an ionization gage at the muzzle end of the
barrel. This is not true action time since contact of hammer spring
and ball plunger did not necessarily occur as the firing pin struck
the primer, Passage of the projectile tarcugh lumiline screens at the
beginning and the end of the basc line respectively started and stopped
the chronograph count for the time of flight. A preset counter re-
corded the time to fire 19 rounds of the 20 round burst, The contact
of the hammer spring (the same one used to initiate action time) with
the ball plunger started the presct counter and the twentieth contact
stopped the preset counter,

The ball factorial test included two replications, one fired in cach
of the two rifles, The firing order of all test lots was randomized
in each replication. All ammunition was conditioned at the designated
temperatures for at least four hours beforec the start of firing, The
rifle was at room temperaturec and a fouling burst of thrce rounls
(conditioned at +70° F) was fired immediately before firing cach
20 round burst for record. Since the method of measuring riflc cycle
time does not include the last round of the burst, data for this round
is not included in the analyses. A substitute burst was firced for
bursts missing any of the 39 data points (cycle time, 19 velocitics,
and 19 action times),

Aluminum foil screens replaced lumiline screens for the tracer
firing since light from the tracer bullet interferred with the functioning
of the lumiline screens. The close clustering of shots in a single
burst necessitated moving the foil scrcens down the range to insurc
obtaining all velocities, The hammer spring setting used to initiate
action time measurements for tracer ammunition was different from
the setting for ball ammunition.

Spasmodic non-functioning of the rifles during tracer test firing
caused doubts concerning the validity of any interpretation of the
results. Two rifles, selected because they yielded high and compar-
able cyclic rate when used with ball reference ammunition, were
used to obtain data to replace the qucstionable data, Since previous
tests, both ball and tracer, indicated that the rifle had a greater effect
on cyclic time than any other factor under considcration, the rifle was
introduced as a two-level factor in the substitute firing.




The order of firings was not completely randomized for the rifles,
since constant changing of the rifle in mount was more likely to
introduce errors than lack of randomization,

TEST RESULTS AND DISCUSSION
Computer Output and Observations

In order to facilitate the multivariant analysis of cyclic time,
action time, and projectile flight time over 20 round bursts, a gen-
eralized computer program4 was modified. The input and output data
of this program are listed in the Appendix,

The input data for the tracer portion of the test are the accumulated
times for the first 19 rounds of a 20 round burst of ammunition, This
data is recorded as:

Y ¥ Y

1’ 2 ijkm

3!
where Y] is the cyclic time of the rifle; Y, is the action timc of the
ammunition in the rifle; Y3 is the flight time of the projectile over a
20 foot base line centered at 113 feet from the muzzlc of the gun., The
ijkm identifies the ammunition used: i is the level of mixturc; j is
the level of pellet weight; k is the level of conditioning temperature;
and m is the level of gun,

Printed in order are the input data along with mean and variance
for each trcatment combination, the error matrix, and the estimati.n
of parameters. Then printed for each factor and for cach first-order
interaction of the factors are the design contrast matrix, the sum of
products, the univariate F values with degrees of freecdom, and the
significance levels,

The error matrix, common for all factors and interactions, along
with the sum of products for each factor or each interaction is used to
compute F values, * In thc estimate of parameters, the mean for cach

*Fi = (SH{;/8)/(SEjj/e) where the SHij's are diagonal clements of the
sum of products matrix; SEji's are diagonal elements of the error
matrix; s is degrees of freedom. for the factor or the interaction under
consideration; and e is degreec of freedom for error term.

4c.F. Starmer and J.E. Grizzle, "A Computer Program for Analysis
of Data by General Linear Models, "' Inatitute of Statistics Mineo
Series No. 560, February 1968,




level of factors or interaction is obtained by algebraically adding the
printed values to the grand mean, MU.

The design constrast matrix indicates which factor or which inter-
action is being considered. The significance levels are the probabilitics
of making a Type I error (rejection of hypothesis that is actually true)
in assuming that there is no significant effect due to the factor tested.

Since the rifle was not considered as a factor for the ball test, our
line of input data is:
Yl. YZD Y3l ijk
The accumulated flight time of 19 rounds was taken over a 15 foot
base line centered at 30.5 feet from the muzzle of the gun,

For easy reference, a summary of F values and the significance
level of each such value is presented in Table V. For a more detailed

brezskdown of the analyses refer to the Appendix,

At an ., 05 significance level (rejecting the null hypothesis* if this
level is equal to or less than , 05), the primer mixturc in the tracer
ammunition does not have a statistically significant mixture effect on
cycle time. This time, however, is affected by the other three
factors and also by an interaction between pellet weight and tempera-
ture, All four factors as well as mixture-temperature and pellet
weight-temperature interactions affect action time. The rifle or the
interaction of the rifle with any other factors has no effect on flight
time. All other factors and all first-order interaction, except inter-
action between mixture and pellet weight, between these other factors
do affect flight time,

For ball ammunition, cycle time is not affected significantly by
the three factors considered or by any interaction between pairs of
them. (Most likely this statement would be reversed if the planned
test had included the rifle as a factor). Pellet weight and tempera-
ture has a significant effect on action time. All factors and all first-
order interaction excepting mixture.-temperature interaction have an
effect on flight time,

*Null hypothesis 18 the hypcthesis that there is no ligniﬂcant difference
due to the factor being tested,
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The ball data averaged according to the rifle used’ is:

Cyclic Time Action Time Flight Time
D .5148-01 . 789-04 .1115-03
D reduced -.5148-01 -.789-.04 -.1115-03

Tables of maximum differences between level effects of factors
constructed from the above data and from the computer output arc
shown in Table VI. In both tests, the rifle had a decidedly greater !
cffect on cyclic time and decidedly less effect on flight time than any
other factor considered, With the exception of the rifle on cyclic
time and the effect of pellet weight on action time, ammunition con-
ditioning temperaturc had the greatest effect of all factors on the
ballistic parameters, Note that conditioning temperature applies to
ammunition only and not to the rifle and/or environment as would be
experienced in practice.

TABLE VI,
Maximum Difference in Level Effect of Factors
Factor Cyclic Time Action Time Flight Time
Tracer
A (mixture) . 0269 .000228 . 000762
B (pellet weight) .0523 .001180 .001061
C (temperature) . 0843 . 001557 . 009716
D (rifle) . 1753 . 000324 . 00006}
Ball
A {mixture) . 0488 .000175 . 000681
B (pellet weight) .0134 .001496 . 000855
C (temperature) . 0642 .001290 .001682
D (rifle) . 1030 . 000158 .000233

“The input data for the two rifles is presented alternately in the 1
beginning of the ball portion of computer listing in the Appendix. l

10

L———————-——--ﬂ




Variations in Cycle Time of Rifles

Original plans called for using the same two rifles, designated as
#3 and #6, for both the ball and the tracer ammunition, Ball test
firing proceeded smoothly, but frequent stoppages interferred with
tracer firing, Complete data was obtained for rifle #6 after a few
replacement firings, but not for rifle #3, The '""panama gun," a
worn-out rifle with a short cyclic time was previously used to check
out the functioning of the measuring equipment, now it was uscd to
check the ability of this tracer ammunition to function a rifle. No
nroblems were encountered in this check. Two rifles, #867083 and
#84892]1 were selected, then, to replace #3 and #6 for the tracer
test,

No direct comparison of action time or flight tiunc data between
the two groups of rifles is possible, The base line tor rifle #6 and
the panama gun, centered at 98 feet, was 8, 958 feet long. For the
other two rifles, the base line, centered at 113 feet, was 20 feet
long. For rifle #6 and the panama gun, the initiating hammer spring
for action time was set to strike the ball plunger at approximately the
same time as the firing pin struck the primer and thus the recorded
action time was close to true action time, For the other two rifles,
the earlier contact of the initiating spring with the ball plunger
resulted in a recorded action time somewhat greater than the actual
time.

Keeping the above differences in mind, a comparison of the
results of firing in the four guns is presented in Table VII. Times
averaged over all ammunition lots are the sum of times in seconds
of the first 19 rounds of a 20 round burst. Of particular intercst is
that change in action time, due %o rifle, seemes to have considerable
influence on cyclic rate but only slight, if any, influence on flight
time,

TABLE VII,
Summary of Firing Results
Cyclic Time Action Time Flight Time
Rifle No. (seconds) (seconds) (seconds)
865083 1.6G82 . 03872 . 12846
848921 1.6328 . 03904* . 12840
6 1.8568 . 02764 . 05611
Panama gun 1.4991 . 03225 . 05683

*Sum of true action time plus an unknown constant.




Table VIII shows cyclic times and flight times of Table VII
converted to the more familiarly recognized cyclic rates and
velocities. From this data, one can see the importance of consid-
ering the rifle in determining cyclic rate differences due to ammu-
nition variations,

TABLE VIII,
Summary of Cyclic Rates and Velocities

Cyclic Rate Velocity
Rifle No. (rounds /minute) (feet/second)
865083 630 2958+
848921 698 2960+
6 614 3033
Panama gun 760 2995+*

*Velocity at 113 feet from muzzle of gun.
*%*Velocity at 98 feet from muzzle of gun,

CONCLUSIONS

Within the limits tested, external factors, namely rifle and con-
ditioning temperature of the ammunition, have greater influence than
the primer on ballistic parameters. Cyclic time of the M16 rifle is a
function mainly of the rifle itself, but the flight time of the 5.56 mm
projectile depends mostly on conditioning temperature and then on
the pellet weight of the primer. Reduced primer pellet weight with
IMR propellant decreases cyclic time (increases cyclic rate) with
little or no effect on velocity.

Increasing action time tends to increase flight time for both ball
and tracer ammunition. In case of tracer ammunition, increcasing
action time tends to decrease cyclic time. Action time of ball ammu-
nition has negligible effect on cyclic time.

12
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RECOMMENDATIONS

1. If modification of the 5,56 mm primer is considerced for any
reason, the effect of primer pellet weight on ballistic paramectcrs
should be taken into account, In particular, reduced pellet weight
should be considered for use with IMR propellant,

2, Any future study of the effects of 5.56 mm ammunition or its
components on cyclic rate should take into consideration the effects
of the rifle,

g S g M ————
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APPENDIX
Multivariate Analysis

M196, 5.56 mm, TRACER

Input

ANALYSIS OF MULTIVARIATE GENERAL LINEAR MODELS
LIST OF CONTROL PARAMETER

NUMBER OF MAIN EFFECTS = L]
NUMBER OF DEPENDENT VARIABLES = 3
NUMRBER OF 2-FACTOR INTERACTIONS = 6
NME = & LEVEL = 3 2 3 2
NIT = 6 INT = 1 2 | 3 ! L3 2 3 2

MEANS AND VARIANCES ARE CORRECT ONLY IF THE DATA ARE SORTED BY CELL

1.863000 «037786 « 124600 1 1 1 1
1.896000 «037974 «125033 1 1 ! 1
N = 2 MEANS AND VARIANCES FOR CELL I T
MEAN «18795000€+01 «37880000€-01 «1268]1650€00
VARTANCE «54450000E-03 «17672000E-07 «93744500€=-07
1.,673000 + 037956 . 126852 1 1 | 2
1.705000 «0JA092 «125190 | 1 1 2
N = 2 MEANS AND VARJANCES FOR CELL 111 2
MF AN +16890000€+01 «18024000E-01 +12502100€+00
VARTANCE «51200000€-03 +926480000€-08 «57122000€-07
1.218000 037771 «1267064 1 1 2 }
1.896000 «037615% «12736) 1 1 2 1
N s 2 MEANS AND VARIANCES FOR CELL Ly, W2 d
ME AN +18560000€°01] «IT7695000€-01 «12703350E00
VARTANCE .288480000€~02 «11552000£-07 21714050606
14
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1.626000
1.629000

N = 2
MEAN

VARIANCE

1.,784000
1.906000

N = 2
MEAN

VARIANCE

1.786000
1.+69000

N = ?
MEAN

VARJANCE

1.780000
1.931000

N = 2
MEAN

VARIANCE

1.662000
1.A77000

N s 2
HME AN

VAR ANCE

MEANS AND VARIANCES FOR CELL

«16275000E01 .38022000€-01 «12686100E+00

«45000000€-05 +33800000€-09 *+99458000E-07

MEANS AND VARIANCES FOR CELL

«18450000E401 «38376000€-01 «13065100€00

«74420000€-02 «17999990€-10 «47432000€-07

b

HMEANS AND VARIANCES FOR CELL

«17165000E+01 «38871500£-01 «130640550€+00

«91125000€E-02 2+ 40064500F-07 «30184245E-05

MEANS AND VARIANCES FOR CELL

« 18555000€+01 +38583500€-01 «12367850€00

«11400500€-01 «10125000€-04 «73326050€-06

WMEANS AND VARIANCES FOR CELL

«16595000E+01 «J8859000€-01 «12373650€00

«61250000€-0) «76832000€-07 «89646050€-00

!



1.760000
1.741000

N = 2
MEAN

VARTANCE

1.571000
1.590000

N = 2
MEAN

VAR[ANCE

1.703000
1.782000

N = 2
MEAN

VARIANCE

1.656000
1.568000

N » 2
HEAN

VARTANCE

1.R865000
1.R63000

N s 2
MEAN

va@|anCe

038974 127807 l 2 2 t
« 039151 128136 1 2 2 1

MEANS AND VARIANCES FOR CELL 1 2 2 1
«17505000€+01 «39062500€-01 «12797150€ 00

«18050000E-03 «15664500€E~07 «56120500€-07

» 0392325 127732 1 2 2 2
039283 128194 | 2 2 2

MEANS AND VARIANCES FOR CELL 1 2 2 2

+15805000€E+01 «39304000€-0) «12796300E+00
«18050000£-03 +88200000E-09 «10672200E-06
« 040098 134130 | 2 3 |
«06017) « 134829 1 2 J 1

MEANS AND VARIANCES FOR CELL 1 2 3 1
«17425000€01 «460135500€-01 0 134479S0E 00
«31205000£-02 «28125000€E-04 +26430050E-06

« 0460704 .131874 I 2 J 2
«040868 «135677 | 2 3 2

MEANS AND VAKIANCES FOR CELL 1 2 3 2

«16110000E+01 «007006000E-0) 013367750€ 00
«36580000€-02 .1 3648000€-07 «06764005€-05
-037977 «123895 2 | 1 |
«037615 120357 2 1 1 )

MEANS AND VARIANCES FOR CELL 2 1 1 1
+18540000€°01 «JT7796000€~01) «12412600€ 00
«26200000€-03 +65522000€~-07 «10672200€-06
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1.679000
1.684000

N s P4
NEAN

VARTANCE

1.769000
1.765000

N = 2
MEAN

VARJANCE

1.596000
1.683000

N = 2
MEAN

VAR]ANCE

1.795000
1.761000

N o 2
“EAN

VAR ANCE

1.639000
1.604000

N e P4
“EAN

VARIANCE

0037926 126388 2 1 1 2
037770  ,12679) 2 1 1 2

MEANS AND VARIANCES FOR CELL 2 1 1 2
+16815000E+01 +37848000E~01 ¢ 12659050E+00
«12500000E-04 «12168000€-07 +82012500€-07

+038100 126834 2 1 2 1
«038105 .12779) 2 1 2 1

MEANS AND VARIANCES FOR CELL 2 1 2 1
+17670000€01 «38102500€-01 «12729350€4+00
+80000000E-0S «12500015€-10 °42228050E-06

«036067 127455 2 1 2 2
038087 ,12722) 2 1 2 2

MEANS AND VAWIANCES FOR CELL 2 1 2 2

«16395000E+0) +38077000€-01 «12733800F+00
«J7865000€-02 +20000002€~09 e27378000E-07
+N39666 136896 ? 1 3 1

«038656¢  ,132560 2 1 3 1

MEANS AND VARJANCES FOR CELL 2 1 3 1
«17780000E-01 «39160000C-01 «13372000€°00
«57800000€-0] «51207200€-06 «272R46480E-05

0039859  ,131s}) 2 1 J 2
«039290  .13387¢ 2 1} 3 2

MEANS AND VARIANCES FOR CELL 2 1 3 2
«16215000€+01 «J957459%0€-01) «13264250€00
«61250000€-03 «16100050€-06 +30331845E-05




1.870000
1.860000

N s 2
MEAN

YARTANCE

1.648000
1.664000

N = 2
MEAN

VARTANCE

1.786000
1.786000

N = 2
HEAN

VARTANCE

1.580000
1.599000

N = 2
nEAN

VARTANCE

1.667000
1.723000

N s 2
MEAN

VARIANCE

«0387]4 « 122662 2 2 1 1
«03824] «123839 2 2 1 1

MEANS AND VARIANCES FOR CELL 2 2 1 1
+18650000E+01 «38477S00€-01 +1231505%€+00
«50000000E-06 «11186450€-06 «94806450€-06

«038889 «12306) 2 2 1 2
«039016 0124562 2 2 1 2

MEANS AND VARIANCES FOR CELL 2 2 1 2
«16560000E+01 «38952000€-01 «12380250€+00
«12800000E-0) «81920000€-008 «1093720%€~-0S

«039020 «127523 2 2 2 1
039027 +128566 2 2 2 1

MEANS AND VARIANCES FOR CELL 2 2 2 1
«17860000E°0] «39023500€-01 +12803450€+00
0. «264699999€-10 «52J26450€E-06

039414 128725 2 2 2 2
«039615 . 128697 2 2 2 2

HEANS AND VARIANCES FOR CELL 2 2 2 ¢
«15895000E+01 «39514500€-01 «1287)100€E900
«18050000€-0) +20200S00€-07 «39199999¢€-09

+ 060908 « 135989 2 2 b ) 1
2060507 «13636) 2 2 b 1

MEANS AND VARIANCES FOR CELL 2 2 3 )
«16830000€40i ««0707S00€-01 +13617600€+00

«28880000E-02 «80400500€-07 +69938000€-07
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1.556000
1.579000

N = 2
MEAN
VARTANCE

1.937000
1.846000

N = 2
MEAN

VARJANCE

1.723000
1.693000

N = Fd
MEAN

VARTANCE

1.779000
1.867000

N e 2
MEAN

VARTANCE

1.615000
1.621000

N s 2
NEAN

VARTANCF

061065 «13539) 2 2 J 2
061121 « 136255 2 2 J 2

MEANS AND VARIANCES FOR CELL 2 2 3 2
«15675000E+01 «41093000E~-01 «13582400E°00
«26450000E-03 «15680000€-08 «37152200€E~06

«037635 «123202 3 1 1 1
«037173 126272 3 1 1 1

MEANS AND VARIANCES FOR CELL 3111
«18915000€401 «3740464000E-01 «12373700€E+00
+41405000£-02 «10672200€-06 «57245C00E-06

«037868 «12613)5 k) 1 1 2
07500 . 1220885 3 1 1 2

MEALS AND VARIANCES FOR CELL 31 2
«17080000E+01 «37727000€-01 +12358500€+00
+45000000E-03 «39762000E-07 «10658000€-05

«037768 126459 3 1 2 1
«037916 «1279)0 R 1 2 1

MEANS AND VARIANCES FOR CELL 31 2 1
+18230000E40) «37842000€-01 «12718450€400
«38720000E-02 «10952000£-07 «10527005€-05

03817} 126914 ) 1 2 2
03817 127626 J 1 2 2

MEANS AND VARIANCES FOR CELL 31 2 2
«16180000€E01 «J8172500€-01 «12726900E00
«18000000€E~04 266999976611 +25205000€-06
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1.R09000
1.R35000

N = 2
MEAN

VARTANCE

1.639000
1.607000

N = Z
MEAN

VARTANCE

1.764000
1.983000

N s F
MEAN

VAR ANCE

1.658000
1.718000

N s 2
MEAN

VARTANCE

1.738000
1.777000

N e 2
“EAN

VAKRTANCE

«0139236 133401 3 1 3 1
«039420 «133857 J 1 3 |

MEANS AND VARIANCES FOR CELL o131

«18220000€+01 «39328000F-01 +13362900L 00
«3J800000£E-03 « 16928000607 «10396800¢E~06
«0393A4 «1314RS 3 1 3 2

«0J33261 «133199 3 | J 2

MEANS AND VARIANCES FOR CELL 3 1 3 2

«16230000E+01 +39322500€-01 «13234200€+00
«51200000£-03 «75645000E-08 «14688980E-05

038287 «1229¢8 k) e 1 1

038279 126301 3 l 1 |

MEANS AND VARIANCES FON CELY 3 2 1 1
«18735000E01 «J8283000€-01) 212361450E00
«23980500E-01 «32000014E-10 *94256450€-06

«038209 123121 3 2 i 2
«03RS29 1264030 3 2 1 2

MEANS AND VARIANCES FOR CELL J 2 1 2

«168A0000E+0] «38399000€-01 «12358050E+00
«18000000€-02 «33400000€-07 +40410050€-06

RLLEY! oldleTe ) 2 2 |

«038366 «128607 3 2 2 )

MEANS AND VARIANCES FOR TELL 3 2 2 -0
«17575000€001 +38903500€-01) «123064050t 00
76050000t -03 «TB125000€-08 +66]186650E-06
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1.539000
1.567000

N = 2
MEAN

VARJANCE

1.692000
1.739000

N = ?
ME AN

VARIANCE

1.559000
1.564000

N = P d
MEAN

VAR]ANCE

+039723 128322 3 4 2 2
«0319504 128519 3 2 2 2

MEANS AND VARIANCES FOR CELL J 2 e 2
«15530000t 01 «39616000£-01 «128642050E4+00
«39200000€E-0) «25088000€6-07 «196404500€-07

«03984) 136135 3 2 J |
«06067H 135842 R} 2 3 |

MEANS AND VARIANCES FOR CELL 3 2 3 )
«17155000€+01 «%60160500€-01 +13498850€400

«110645000£-02 «20161250E-06 e 14569245E-05

« 060919 .135128 3 2 3 2
0040273 «13584) 3 2 ] 2

MEANS AND VARIANCES FOR CELL 3 2 3 ¢
«15615000€01 «40596000€-01 +1356A550E+00

«12500000£-04 «20865800€-06 +25%.61250L-06

21
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Output

ERROR MATRIX

+964842E-01] +599359€-04 4 162949E-03
+599359E-04 «273249E-05 «155329¢ =05
J162949E-03 +155329€-05 ©350721E -0

ESTIMATES OF PARAMETERS =8

My «172050E+01 «388800E-01 «128432E+00
A 1 «139167E~01 =+800556E=-04 =¢409542€~03
A 2 -+129583€E-01 «147194E-03 ¢ 352292€-03
REDUCED -+.958333E-03 ~.671389€-04 «572500€E-04
R 1 «261944E~-01 -.589833€E-03 =+530597€-03
REOUCED =e261944E-01 «589833E~03 «530597€-03
c 1 «545833E-01 ~+693889E~-03 =~e447921E~02
C 2 =.248333E-01 -.268722E-03 ~«757417€-03
REOUCED =+297500€-01 «962611€E-03 «523663E-02
D 1 «876667E~01 -.162167€-03 ¢304861E-04
REDUCED ~¢876667€E~01 «162167€-03 ~+J04B61E=-04
INTERACY | «830556E-02 =+653333E-04 -¢309028E-04
INTERACT 2 ~.101528E~-01 -+110000E~04 ¢ 322639E-04
INTERACT 1 =.181250E-01 «230597€-03 0 769417€-03
INTERACY 2 =+595833E-02 =e103194E-06 «186750E-03
INTERACT 3 «200000t-02 =.649028E~-04 -.388167€E=-03
INTERACT 4 «1279115=01 = e 790694E~04 -.183083€-03
INTERACT | =.582333E-u3 -+ 156667E-04 «516K06E-04
INTERACT 2 =.604167€-02 «1¢8333E-06 ~.638]194E~-04
INTERACT 1 =e173511€-01 «183583E-03 +890014E-03
INTERACT 4 =« 217778E=-006 - ¢3J62500E-06 «154722E-04 {
INTERACT 1 «750000£-03 «479722E~-04 897639t =04
INTERACT 1 «708333E-02 «467500E-04 =-+129903€-03
INTERACT 2 «6€6667E-02 ~«109167E-04 -.112528€£-03
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DESIGN CONTRAST wMATRIX » C
0.0 1.0 0,0 0,0 0,0 0,0 0,0 C.,0 0,0 0.0 0,0 0.0 0,0 0.0 0.0 0.0 0,0 0.0 0,0 0.0 ||
0.0 0,0 1.0 0.0 0,0 0,0 0,0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0,0
{
SUn OF PRODUCTS DUE TO MO =SM
«8700250€-02 “e 7097183 =04 =e2676664€-0)
«.7097103E-04 +TH19856£~06 +19)9146F 0%
=, 2076604E-0) «1939146£-05 «108267)-05
UNIVARTATE F vALUES wiTn . $2 DEGHEES OF FREEDO™ |
203685 Teo407 $5.2506
SIGNIFICANCE LEVELS
1040 <0018 . 0085

PESIGN CONTRAST wATRIR = C |
0.0 0.0 0.0 1.0 0.0 0,0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0

SUm Of PRODUCTS DUE TO M0 oSN
0840272601 =. 111262602 =. 1000706€-02
“s1112026€-02 «2504904£-06 «22953)00€-04
=.10007006€-02 «2253340€-06 «2027041E=06 I

UNIVARIATE F vaLUES wiTH 1 $2 DEGRELS OF FREEDOM
26.6255 «76.68% 30,0541

SIONIFICANCE LEVELS
4000} «000) <0001

OESIGN CONTRAST MaATRIX = C
0,0 0.0 0,0 0.0 0,0 0.0 0,0 0,0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0,0 0.0

Sue OF PRYOUCTS DUE TO MO eSH
07500300 ~.1636]60€-02 e 915829) =02
col0dble0E-02 «1552753€-04 «2006586£-03
=e9195293E-02 «2004586F-03 odi9de20E-02
UNIVAR|ATE 7 VALUES w(Tn 2 S2 DEGREES OF FREEDO

20,9010 138.0088 855.0057

SIGNIFTICANCE LEVELS
0001t <0001 .0001
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i
OLSIGN CONTRASY MATR]IX = C
0.0 0.0 0.0 0.0 0.0 0,0 1.0 0.0 0.0 0,0 0,0 0,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
SUM OF PRODUCTS DUE TO WO sSw
«9533520E00 *,1023596¢-02 +19264203€-0)
*s102)596E-02 «1R9Y6SAC-0% = J599558E 060
S1920283E-03  +,3599558F-06  ,66917015-07 |
UNIVARTJAYTE F vALUES wiTn 1 82 DEGREES OF FREEOOMm
298,.2/81 36.0330 « 0992
STGNIFICANCE LEVELS
000} 0001 L1523
OLSIGN CONTRAST WMATRIX o C
0.0 0.0 0.0 0,0 0.0 0.0 0,0 3.0 0,0 0.0 0.0 Qo0 0,0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
|
SU4 OF PRODUCTS DUE TO HO sSH
42113805 -02 = H958607F-05 o L40ALOM - 08
=, 69%86067t-05 05109306 v 1068133 =07
“.1408)93E-06 s JT6003XE-0T «h194703F-07
UNTVARIATE F VALUES W] Tw 2 e §2 DEGRELS UF FREEDOM
11349 2.33%0 0355
SIGNTIFICANCE LEVELS
« 3297 «1082 9055
NESIGN CONTRAST wATRIX = C
.0 0.0 0.0 0,0 1.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 8.0 0,0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
9.0 0.0 0,0 0,0 0,0 0.0 1.0 0.0 0,0 0.0 0.0 0.0 6,0 0.0 0.0
9.0 0,0 0,0 9,0 0.0 0,0 0.0 1.0 0.0 0,0 0.0 0.0 0,0 0.0 0.0
Sum OF PRODUCTS DUE 10 n0 eSm
SIDTOTI2E=01  =.]1)I4BATE-0)  =-.4748287€-0)
<e13340676-0) .1396110F-05  .4801980F -05

~e6748257E-0) «6801900E-0% «1870162€-00

UNIVARTATE ¢ vALUES Witk . . $2 DEGHEES OF FREEDOw
1.8517 6.6326 06,9562
SLONIFICANCE LEVELS
1310 0008 «000)
(N
/
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DESIAN CONTRAST MATRIX = C
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,0
0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

SUM OF PRODUCTS DUE TO MO sSH
+68003))E-02 «180258)E~04  -,1200900€-0)
+1802503E-06 «8613033€-07  -.)247589€-06

=a1200900€-0) =, 32475A9€~06 «2119435€-0%

UNIVARIATE F VALUES WlTw 2 $2 DEGREES OF FREEDOM

1.0)47 - 019% 1.9732
SIGNIFTICANCE LEVELS

LTS 9802 <2160
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M193, 5.56 mm BALL

Input

ANALYSIS OF MULTIVARIATE GENERAL LINEAR MOLELS
LIST OF CONTROL PARAMETER

NUMAER OF MAIN EFFECTS s J
NUMBER OF DEPENDENT VARIABLES = 3
NUMBER OF 2-FACTOR INTERACTIONS = 3
NME = 3 LEVEL = 3 2 3
NIT = 3 INT = 1 2 1 3 2 3

MEANS AND VARIANCES ARE CORRECT ONLY IF THE DATA ARE SORTED By CELL

1.622000 «031573 « 090926 1 1 1 -0

1.340000 «0318689 090878 1 i 1 -0
N = 4 MEANS AND VARIANCES FOR CELL 111
MEAN «13810000E+0] «31731000€-01 +990902000t-01
VARTANCE «33620000E-02 +49928000£-07 +11520002€~0A

1.434000 «031261) 091612 1 1 2 -0
1.368000 «031716 «091190 1 1 2 -0

N s 4 MEANS AND VAP IANCES FOR CELL 1 1 2
MEAN «1401000CE-01 «31687500E-01 «91401000€-01)
VARTANCE «2178000)€E-02 «10260450E-06 +89062000E-07
1.515000 «034067 «090785 1 1 3 -0
1.6417000 031762 «090678 1 1 b -0
N s 4 MEANS AND VARIANCES FOR CELL 1 1 3
wE AN «16660000E°0) «32916500E-01 290631500601
VARJANCE «68020000€-92 «26565125E€-05 «071245006-07
27




1.491000 + 032665 «090764 | 2 | -0
c

1.389000 «033154 «09026) ) 1 =0
N s 2 MEANS ANO VARIANCES FOR CELL 1 2 1
MEAN «164400000E+0] +32911500€-01 «90513500€-01 .
VAR ANCE «52020000€-02 0 121526450€~04 «12550050€-06

1.436000 0032173 091118 1 2 2 =0
1.357000 «03335) 091182 1 2 2 -0

N 2  MEANS AND VARIANCES FOR CELL 1 2 2 |
MEAN «1394E222F 0] +33063000€-01 «91150000€-01
VARTANCE +31205000£-02 «16820000€-06 «20480000E-08

1.508900 «0135907 «093715 1 2 3 -0
1.411000 «034021 «092854 1 2 K -0

N = 2 MEANS AND VARIANCES FOR CELL 1 2 3
MEAN «14595000€+01 0 J49646000E-01 +93234500€-01
VARTANCE «@7065000€-02 «177R46980E~05 +37066050E-06
1.500000 031760 «091191 2 1 1 =0 u
1.380000 032334 091221 2 1 1 -0
N s 2 MEANS AND VARIANCES FOR CELL 2 1 1
MEAN » 14600000€+01 +3J2047000£-01 «91206000E-01
VARJANCE «72000000€-0¢2 «164T73300E-06 «45000015€-09

1.450000 032065 092105 2 ] 2 -0
1.382%00 «032348 091832 2 1 e -0

N » 2 MEANS AND VARTANCES FOR CELL 2 1 2
wEAN «16130000E01 «32204500€-01 +91968500£-01
VARTANCE «25920000€-02 v40066500€-07 «17264500€-07
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1.537000
1.469000

N s '4
NEAN

VARTANCE

1.487000
1.6064000

N = 2
ME AN

VARIANCE

1.661000
1.365000

N = 2
ME AN

VARIANCE

1.,476000
1.375000

N = 2
MEAN

VARTANCE

1.525000
1.380000

N s rd

MEAN

VARJANCE

+033172 «092357 2 1 J -0
«032562 091661 2 |} 3 -0
MEANS AND VARIANCES FOR CELL 2 1
«14930000€E°04 «32867000E-01
«18720000€-02 «18605000€-06
«03245) 091266 2 2 1 -0
«032974 «09097) 2 2 1 -0
MEANS ANO VARIANCES FOR CELL 2 2
«14455000E01 «32713500€£-0)
«J4645000E-02 «13572050€~-06
«03330) 091719 2 2 2 -0
«033870 .091808 2 2 2 -0
MEANS AND VARIANCES FOR CELL 2 2
«164030000E+01) «JISRES00€-0)
«288A0000E-02 «16074450€-06
«036780 «093807 2 2 3 -0
«036626 » 093999 2 2 3 -0
MEANS AND VARIANCES FOR CELL 2 2
«14255000€+01 «J46703000€-01
«51005000€-02 «11A58000€E-07
«031892 0905248 3 | 1 -0
« 031690 090360 ) 1 ) -0
MEANS AND VARIANCES FOR CELL J
°16525000€¢01 «31791000€-01
«10512500€-01 «20602000€-07

2

h}

+92009000E-01
+26220800€-06

«91119500€-01
+42924500E-07

«91763500E~01
«39604999€-08

«93903000€-01

«18432000t-07

«906446000E-01
el@1)2000€~07




1.519000
1.401000

N = 4
MEAN

VARJANCE

1.,636000
1.469000

N e 2
MEAN

VAR]ANCE

1.484000
1.400000

N = 2
MEAN

VARTANCE

1.690000
1.372000

N s 2
“EAN

VARIANCE

1.579000
1,420000

N = 2
"EAN

VARTANCE

031461 «0911462 3 1 2 -0
«032016 «09113% 3 1 2 -0
MEANS AND VARIANCES FOR CELL 3
«14600000E°01 +31738500€-01
+69620000€-02 +15601250E-06
«033570 0911462 k] 1 3 -0
«03212% «09075S 3 1 k] =0
MEANS AND VARIANCES FOR CELL 3
«15515000€+01) «)2847500€-01
«13612500€E-01 +10640125€E-05
+033260 090486 3 2 ] -0
« 033460 « 090624 3 2 1 -0
MEANS AND VARIANCES FOR CELL } 2
«14620000£+01 «33360000€E-01
»35220000€-02 +20000000€-07
«03388) «092074 ] 2 2 -0
033702 «09192) 3 2 2 -0
MEANS AND VARIANCES FOR CELL 3 2

«160310009€C01

«69620000E-02

0346297
«033698

096264
.093ass8

3
k]

«33792500€-01)
.16380500€-07

2 )
2 k)

MEANS ANU VARIANCES FOR CELL J

«16995000€4+0)

+12640500€-01

«33997500£-~-0)

«17940050£-06
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2

*«91138500E-01

«24500069E-10

«909464£500€-01

+ 14884500€E~07

«90555000€-01
«95220001€~-08

«91997500€-01

«11704500€E-C7

+94061000E-01

«82418000€-07




Output

ERROR MATRIX ,
«103724€E+00 «217826E-03 «226395F=-03

«217826E=01 «791987€E-05 «136090E-0S
022639SE-03 «136090€E-05 «166831£-05

ESTIMATES OF PARAMETERS =8

MUY J1444TSEe0]l  .329290E-01 «916109E-01 l
1 A 1 «e207500E=01 =,837500€E=0¢ =.297167€-03
A 2  -.725000E-02  .915833E-04  .384000E-03
REDUCED «280000E=01 =.783333E-05 =.868333E-06
A 1 «669446E=-02 ~=,747833E-03 -.427694E-03
? REOUCED ~0669444E=02  747833E-03  .427694E-03
c 1 =.112560E-01 =-.503333E-03 =-.820917E-03
C 2  -.,265000E~01 =-.283250E~03 =-.410833E-06
REDUCED .377500E-01  .786583E-03  .862000E-03
\ INTERACT 1  =.146944E-01 -.530833E-04  .921111E-06
INTERACT 2  .613889€-02  .1007S0E=03  .160611€-03
INTERACT 1| =.225000E=02 =.206667E=06  +214917€-03
INTERACT 2  .125000E-02 -.286750E-03  .283333E-05
INTERACT 3 .1650006=01 =.137000E=03 =.112500€-06 4
INTERACT &  =.500000E~03  .159167E-03 =.878333E-04 |
INTERACT 1| -.156944E=01  .178500E-03  +488361€-03
INTERACT 2 .138889E-02 -.870833E-04  +360528E-03

- e
a_— ———
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OELSIGN CONTRASY waTRix = C
10 0.6 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0,0

SUs OF PROOUCTS DUE TO O eSM
«152095%0¢c-01 « 10254006 -04 «11601050E-06
« 1025400t ~06 «1895552€-06 +T28R308¢-06
«1161050E-0¢ « 72083085 -06 °2919649€-0%
UNITVARIATE F vaLUES wiTw 2 22 DEGREES OF FREFDOM
linl2n 25177 19,2507
STGNIFICANCE LEVELS

2209 <1700 +0081)

DESIGN CONTRAST wATRIX =« C
0.0 0.0 1,0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Sum OF PRODUCTS OUE TO MO =Sk
«161330)€E-02 =.18022706-0) ~e1030704¢-0)
=.1002278€-0) «2010)17€E=00 1151639€-00
~e1030700¢E-0) «1151639€-06 «858%211€-05
UNTVARTATIE ¢ vaALUES wiTh | I 22 DEGHEES OF FREEDOw
+ 34822 55.9264 86.8139)
SIGNIFICANTE LEVELS

5709 0001 <0001

DESIGh CONTRAST walW(N = C
0.0 0.6 0.0 0,0 0,0 0.0 0.0 0.0 0.0
0,0 0,8 0,0 0.8 0.0 0,0 0,0

SU= OF PEOANDUCTS DUE 1O =0 %M
27082 300~ .516)e88€-0) 518376 =03
«S)03e5AL-0) slle276bt =00 «1323000€ =04
5183703 -0) ¢ 13230008 =00 170236 06
UNTVARIATE 7 vaLUES W]Tw ) 22 OEGREES OF #REEDOM
2.600) 195.877 112,268%
SIGNIFICANCE LEVELS

0787 «000) 0001
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DESIGN CONTWAGT waTRix » C
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

0,0 0.0 0.0 0.0 0.0 1.0 0.0 0.0

0.0 0.0
0.0 0,0 0.0 0.0 0.0 0.0 0.0 1.0 0,0 0.0

SUm OF PRODUCTS DUE TO WO s=SM
39217224 -02 <L 1888%0E-04 ~.303%8672¢ -0
+1188850E-04 «IR2ARG2E ~06 «2800612€-00 |
=+30350672¢ =06 24006012t -06 «Ji77787E-0%

¢ UNIVARIATE F vaALUES wlin 2 22 DOEGNELS OF FREEDOM
4159 «2540 1.7657 {
STuNIFICANCE LEVELS {
15499 7807 <0031

NESIGN CONTRAST @wATR[R o C

0.0 0,0 0,0 0,0 0.0 0.0 0,0 0.0 1,0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0,0 3.0 0.0 0.0 0.0 1,0 0.0 0.0 0.0 0.0
6.0 0.0 0.0 0.0 0.0 0,0 0,0 0.0 0,0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0,0 0.0 0.0 0,0 0.0 0.0 0.0 1.0 0,0 0.0
SUm OF PRODUCTS DUE TO MO aSw
+JA59000F -0 . Jeabe50E-06 «B7767508-0%
“sJaseab0t-06 «1377026€~05 -.5677832€-06
RTTSTHO0E-0Y ~s5677A32€-08 «696213) 7E~00
UNIVARLIATE F VALUES wiTn L) 22 DEGHEES OF FwgtDOW
22068 «9%8) 2,29%5)
SIUNIFICANCE LEVELS
«9))e <5677 0908
DESIGN CONTRAST wATRIN s
0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ,,0 0.0 0,0 0.0 1,0 0.0
0.0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0,0 }),0

SUN OF PRODUCTS DUE 1O WO eSM
“56)eT22E-02 . 316208t 06 ~s23i0V]BEt-0)
=:5076200f -0 s7363)2¢-06 « 1600569 <05
=,2)10914¢-03 2 1600549 <05 + 1306907t -06

UNIVARTATE F vALUES wlthm 2 22 ODEGWEES OF FREEOO™
<5766 1987 As. 1710
STONIFICANCE LEVELS
«5780 <5129 20001
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